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PRELIMINARY STUDY OF A HYDROGEN PEROXIDE ROCKET
FOR USE IN MOVING SOURCE JET NOISE TESTS
by
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5114MARY
A preliminary study was made of a simple hydrogen
peroxide rocket as a tool for movinq source jet noisQ
experiments! Thermodynamic analysis of the system showed
that jet velocities in the range between 457 m/sec (1500
ft/sec) and 914 m/sec ( 3000 ft/sec) are obtainable b y usinq
appropriate amounts of water iniPc ♦ ion and nozzle pressures
ratios. Over 30 percent of the total mass flow can b;z
injected water before saturation occurs. A good match
between the exhaust gas densities of the hydrogen peroxide
rocket and typical advanced commercial supersonic transport
engines can be obtained usinq percentages of injected water
between 20 to 30 percent and nozzle pressure ratios between
2 and 5.
The adaptability of the system to a streamlined ground
car for moving source jet noise experiments vas also
studied. Analysis of the use of a 1360 kq (3000 lb) testhed
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car showed that propellant masses of less than 453 kq (1000
lb) were required to make a 8047 a (5 s mi) test run at 1n0
a/sec (330 ft/sec) . It was also found that propellant
masses and/or acceleration distances became too large when a
non-throttlable hydrogen peroxide rocket was used to
accelerate the vehicle to cruising speed. Therefore a
secondary propulsion system or a throttlable rocket would
have to be used to accelerate the vehicle.
T NT RODUCT ION
The effect of forward velocity on jet noise is one of
the several areas of aircraft noises which requires further
investigation. It would be advantageous to the development
of improved prediction models to obtain "pure" jet noise
data
	
over
	
an	 independently-varied 	 range of	 flight
conditions, engine cycle parameters, flow geometries,
installation factors and other variables. This type of
comprehensive data is not possible with aircraft-flyover an-1
ground-vehicle tots using aircraft engines because these
test methods are inhe-rently limited to the cycle parameters,
flowpath and other variab.PS that correspond to available
engines and aircraft/engine combinations. In addition, tha
resulting noise data may be contaminated by internal engine
noises. Results from anechoic wind tunnel tests using a
heated air jet in the surrounding flow to simulate a moving
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source are also controversial due to the correction factors
which must be applied to the experimental results.
Therefore, a simple rocket thruster is considered in order
to provide a more flexible jet noise source. The thruster
system that is investigated consists of a rocket in which
the propulsive energy is generated by the decomposition of
hydrogen peroxide. Downstream throttling and water
injection are used to obtain the dosired exit conditions. A
schematic diagram of this system is shown in figure 1.
Because the rocket thruster has no inlet and no moving
parts, it should be free from contamination by other noise
sources and thereby produce an essentially pure Jet noism
signature. ThP rocket is adaptable to 3 mobile tPstbed,
thereby making it possible to easily measure tho not sA
produced by a moving source Jet.
ANALYSTS
The propulsion syster investigated consists of
injection of 100 percPn t pure hydrogen peroxide into a
catalyst bed to accomplish complete decomposition into water
vapor and oxygen according to the equation:
4 07
 (1) --+, H2.0(q)	 02.♦ 2.99x106 J/kq (23.5 kcal/mole)
The products of decomposition are then passed through a
throttling orifice after which liquid water is injected and
vaporized. The water vapor/oxygen mixture is then expanded
3
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through a nozzle to atmospheric pressure. The ideal nozzle
jet velocity,Uj , is given by
UJ 2 R T,
^	 Y - 1
	
^ - p^  y
where R is the gas constant, Y is the specific heat ratio, TC
is the nozzle inlet temperature and 	 Pe/Pr is the nozzle
pressure ratio. Thus it can be seen that the desired jet
velocity may be obtained by varying the amount of water
injection which changes the nozzle inlet temperature, by
varying the pressure drop through the throttling orifice
which changes the nozzle inlet pressnra, or by using a
combination of these two changes.
The above cycle was analysed by means of a computer
code described in reference 1. This program calculates 311
the thermodynamic data for any amount of water injection and
for any pressure ratio.	 The computer program calculations
are based on the following assumptions: one-dimensional form
of the continuity, energy, and momentum equations; zero
velocity into the combustion chamber; complete decomposition
of the hydrogen peroxide; adiabatic decomposition;
isentropic expansion; homogeneous nixing; ideal gas law;
variable specfic heat; and zero temperature and velocity
lags between condensed and gaseous, species. The program
also includes the effects of phase changes anal dissociation.
The adaptibility of the hydrogen peroxide rocket system
to a streamlined ground car testbed is investigated. 	 ThA
u
n
characteristics of the car that is considered are shown in
figure 2. The vehicle is assumed to accelerate to a
cruising speed of Mach 0.3 (330 f t/sec) and then run at
constant velocity over a distance of 8047 n ( 5 s mi) .
The equation of motion for the strew®lined ground car
is given by
Madt  = i Uj - D -=R
where M is the instantaneous mass of the car, m . is the
rocket mass flow, V is the velocity of the car, Uj is the
exhaust jet velocity, D is the aerodynamic drag and 9 is thQ
rolling resistance. The integral equations for the time,
ta, and distance, Sa, needsd to accelerate the car to 100
m/sec (330 ft/sec) are obtained from the equation of motion.
They are given as
ioo
t `	 hi - m t	
-- dvd	 o m Ili - ; P Y" S Co - µ (Mt - ® t)
goo
	
c Mi - m t) g	 d vISa =	 nJ 	 P O ^ CC - µ ("^_ OD t)
where Mi is the intial mass of the car, p is the atmospheric
density, S is the frontal area of the car, C ,s the
coefficient of drag, and µ is the coeficient of friction.
The above system of integral equations was solved
numerically using a Runge -Kutta scheme.
Assuminq that the hydrogen peroxide rocket parametArs
such as mass flow and jet velocity are held constant, thera
will still be a not acreleratinq force acting on the ground
i
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car after the	 vehicle achieves	 its cruising	 speed.
Therefore, the aerodynamic drag or rolling resistance will
have	 to	 be	 increased	 in	 order to	 obtain	 a	 zero net
acceleratinq	 force and	 allow the vehicle to	 cruise at a I	 i
constant	 velocity. Under	 these conditions	 the total •
propellant mass,Mpt 	, required	 for the	 acceleratinq and
cruising portions of the test run is
Mpt = m (t4 + tc )
where t. is the time required for the cruisinq portion of
the test.
If the vehicle is accelerated to cruise by means of an
auxiliary power uni+ or if the hydrogen peroxide r.ockPt
thrust is throttlable, then it is possible *o set the truism
thrust availabl y just equal to the minimum thrust required,
by the vehicle at the begininq of the cruise. Thereforp,
only a small additional Iraq would be required to compensate
for the change in rollinq resistance due to the change in
vehicle mass in order_ to cruise at a constant velocity. The
A
thrust required by the vehicle is
Tr = D + P
The drag at 100 m/sec (330 ft/sec) at sea level for the
assumed car is 2306 newtons (519.4 lh) and the rollinn
resistance is 267 newtons (fin 1h). The thrust availnbly
from the rocket is
Ta = m Uj
where U. is the rocket jet velocity. 	 Equatinq the thrust
6
required and thrust available the mass flow required can he
expressed in terms of the exhaust velocity
(2306 + 267) /Uj
The time required to run the 8047 a (5 s mi) test at a
constant velocity of 100 m/sec (330 ft/sec) is 80 sec. Thin
the propellant mass required for only the cruise portion of
the test is
Mk = 80(2306 + 267) /Uj
The total propellant mass required to accelerate and cruise
the vehicle when the H 2 Og rocket is throe t lable is then
given by
Met = m to + MP,
RESULTS
Figure 3 shows the variation of nozzle inlet
temperatures with the percent of injected water in th.-, total
flow. The maximum nozzla inlet temperature of 1275 K (183f^
F) occurs when no water is in jected. This temperature is
the adiabatic decomposition temperature of pure hydrogen
peroxide. The fiqur p also shows that at standard pressure
(nozzle pressure ratio equal to one), as much is 36 percent
of the flow may be ini p ctod water before saturation occurs.
It is quite important to avoid saturated flow as this coull
cause noise reflections off the condensed particles which
would destroy the validity of the model.
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The jet velocities obtainable for	 various nozzle
pressure ratios and percentages of injected water are shown
in figure 4. Typical advanced commercial supersonic
transport jet engire exhaust velocities 4t takeoff arm
between 457 m/sec ( 1500 ft/sec) and 914 m/sec (3000 ft/sec).
These velocities; can be ohtained with the hyircaen nproxida
rocket system by using pressure ratios he+wepn 2 and 5 and
percentages of injected water less than 30 perc ent.	 The
percentage of
	
injected	 water
	 must	 he	 kept	 helow
approximately 30 percent to avoid saturation.
The band of typical advanced commercial supersonic
transport	 jet engine exhaust qas densities
	 is shown
superimposed on the curves of density versus pressure ratio
for the rocket in figure 5. The band of let engine
densities li p s within the unsaturated region of the rocket
exhaust gasses for prFSsurp r-atios between 2 and S. The
figure indicate, that between 20 and 30 percent of the mass
flow of the rocket must be in jected water in order to get
the best match in densities between the exhausts of the ip+
and the rocket.
Mach numbers of the exhaust gasses shown in figur¢ 6
were found to be principally a function of pressure ratio.
Typical takeoff nozzle exit Mach numbers for advanced
commercial supersonic t ran Sport engines range from 1.n to
1.4. These Mach numhers can be obtained by the hydrogen
peroxide rocket using nozzle pressure ratios from 1.9 to
^	 ^ 3
i
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3.0.
Figure
	 7 shows the total propellant required to
accelerate the ground test vehicle to Mach 4.3 and then
perform a 8047 m (5 s mi) test r.nn at constant velocity.
For a rocket where the thrust is not throttlable, the amount
of propellant needed is quite large at low jet velocities
and large mass flow rates. Reasonable propellant masses can
only be obtained usinq low mass flow rates. figure A showq
that at the low mass flow rates the acceleration distances
become large. Therefore, to obtain reasonable propellant
masses and acceleration distances over a full range of jet
velocities, it would he desirable to use an auxiliary power
system or a *hrottlablo hydrogen peroxide rocket to
accelerate the vehicle. For a rocket where the thrust can
he throttled back at cruise to just equal the thrust
required, f igure 7 shows that such lower total propellant
masses are required as the mass flow is increased.	 For
these casos it may be possible to lisp the rocket to
accelerate the vehicle for all the jet velocities of
interest. It should he noted tha t nozzle size could become
a limitin g factor as the mass flow is increased.
For the cus p
 where an Auxiliary power unit is used to
accelerate the vehicle, figure 9 chows *he propellant needed
for only the 8047 % (5 s mi) test run at constant velocity.
For a low jet velocity of 457 9/sec (1500 ft/spc) a
propellant mass of loss than 454 kq (1000 lh) is required.
Uj;W11 
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This amount could reasonably be put into the assumed 1361 km.
(3000 lb) vehicle. The cruise propellant mass required
drops off significantly as the jet velocity is increased.
At a 914 m/sec (3000 ft/sec) jet velocity only 227 kq (500
lb) of propellant is required.
CONWI DING MARKS
This brief study has shown that the hydrogen peroxide
rocket system has the po ♦ontial of effectively modelinq
moving source jet noise. In addition to the conventional
nozzle that was consider ed, ada ptation of the system could
be made to altPrnativn nozzle configurations of current
interest such as the co-annular nozzle or the annular pluq
nozzle shown in figure 10.
The values assumed for the physical characteristics of
the streamlined car (C D , total mass, rollinq resistai,ce
etc.) were chosen as tyoical values and by no means the best
obtainable. Moreover, the streamlined car considered for i
testbed could be replaced Oy other vehicles such as it light
aircraft or an RPV. It --hculd also be noted that only water
was considered for the in jPcted specie. However, more
flexibility may be gained by substituting another raitablo
specie to he in ject pd in place of or in addition to the
water.
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